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METHOD AND SYSTEM FOR IDENTIFYING
OBJECTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. National Stage Application of
International Application No. PCIT/CN2020/114844 filed

Sep. 11, 2020, which designates the United States of
America, the contents of which are hereby incorporated by
reference in their entirety.

TECHNICAL FIELD

The present disclosure relates to the technical field of
computer vision.

BACKGROUND

Object 1dentification pertains to the technical field of
computer vision, and 1s mainly intended to i1dentity objects
in 1mages. At present, mainstream methods for 1dentifying
objects are those based on 2D real image traiming and
prediction, or those use three-dimensional digital model as
an auxihary recognition method. However, the conventional
methods for identifying objects based on the three-dimen-
sional model data fail to satisty the requirements on work-
piece classification in factories, 1 terms of accuracy.

SUMMARY

Some embodiments of the teachings of the present dis-
closure 1include methods and/or systems for identifying an
object with a high identification accuracy. For example,
some embodiments include a method for identifying the
object comprising: generating a plurality of synthesized
images according to a three-dimensional digital model, the
plurality of synthesized images having different view angles;
respectively extracting eigenvectors of the plurality of syn-
thesized 1mages; generating a first fused vector by fusing the
cigenvectors of the plurality of synthesized images; input-
ting the first fused vector into a classifier to train the
classifier; acquiring a plurality of pictures of the object, the
plurality of pictures respectively having same view angles as
at least a portion of the plurality of synthesized images;
respectively extracting eigenvectors of the plurality of pic-
tures; generating a second fused vector by fusing the eigen-
vectors of the plurality of pictures; and mputting the second
tused vector into the trained classifier to obtain a classifi-
cation result of the object. A plurality of synthesized images
have diflerent view angles, and correspondingly, a plurality
of pictures also have diflerent view angles. In this way, more
characteristics may be embodied. The plurality of pictures
respectively have the same view angles as at least a portion
of the plurality of synthesized images, such that the inter-
ference caused by different angles 1s reduced. The method
may thus achieve a high identification accuracy.

In some embodiments, camera parameters for acquiring
the plurality of pictures are determined according to the
view angles of the plurality of synthesized images, or
soltware parameters for generating the plurality of synthe-
sized 1mages are determined according to the plurality of
pictures, such that the plurality of pictures respectively have
same view angles as at least a portion of the plurality of
synthesized 1images.

In some embodiments, 1n the case that the plurality of
pictures respectively have the same view angles as all the
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2

plurality of synthesized images, the first fused vector 1s
generated by fusing the extracted eigenvectors of the plu-
rality of synthesized images having the same view angles as
the plurality of pictures, and the second fused vector 1s
generated by fusing the extracted eigenvectors of the plu-
rality of pictures.

In some embodiments, 1n the case that the plurality of
pictures respectively have the same view angles as the at
least a portion of the plurality of synthesized 1mages, the
second fused vector 1s generated by fusing the extracted
eigenvectors of the plurality of pictures in combination with
auxiliary vectors, wherein a total quantity of the eigenvec-
tors of the plurality of pictures and the auxiliary vectors 1s
equal to a quantity of the synthesized images; and the first
fused vector 1s generated by fusing the extracted eigenvec-
tors of the plurality of synthesized images having the same
view angles as the plurality of pictures 1n combination with
the auxiliary vectors, wherein a total quantity of the eigen-
vectors of the plurality of synthesized images having the
same view angles as the plurality of pictures and the
auxiliary vectors 1s equal to the quantity of the synthesized
images; or 1n the case that the plurality of pictures respec-
tively have the same view angles as the at least a portion of
the plurality of synthesized 1images, the first fused vector 1s
generated by fusing the extracted eigenvectors of the plu-
rality of synthesized images having the same view angles as
the plurality of pictures, and the second fused vector 1s
generated by fusing the extracted eigenvectors of the plu-
rality of pictures.

In some embodiments, the plurality of synthesized images
are generated by CAD software according to the three-
dimensional digital model.

In some embodiments, the eigenvectors of the plurality of
synthesized vectors and the eigenvectors of the plurality of
pictures are respectively extracted by CNN. The classifier
includes a classifier based on deep learning.

In some embodiments, a scheme of the fusion 1s deter-
mined based on an AutoML technology or a neural archi-
tecture search technology.

In some embodiments, the plurality of synthesized images
are domain-randomized, and the eigenvectors of the plural-
ity of synthesized images are respectively extracted; and the
plurality of synthesized pictures are domain-randomized,
and the eigenvectors of the plurality of pictures are respec-
tively extracted

As another example, some embodiments include a system
for identitying the object with a processor and a photograph-
ing mechanism. The processor includes an 1image generating
module, a characteristic extracting module, a fusing module,
and a classifier module. The 1mage generating module 1s
configured to generate a plurality of synthesized images
according to a three-dimensional digital model. The plural-
ity of synthesized images have different view angles. The
characteristic extracting module 1s configured to respec-
tively extract eigenvectors of the plurality of synthesized
image. The fusing module 1s configured to generate a first
fused vector by fusing the eigenvectors of the plurality of
synthesized images. The classifier module 1s configured to
be traimned according to the first fused vector mput. The
photographing mechanism 1s configured to acquire a plural-
ity of pictures. The processor 1s configured to control the
photographing mechamsm or the 1image generating module
such that the plurality of pictures respectively have same
view angles as at least a portion of the plurality of synthe-
s1ized 1images. The characteristic extracting module 1s further
configured to respectively extract eigenvectors of the plu-
rality of pictures. The fusing module 1s further configured to
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generate a second fused vector by fusing the eigenvectors of
the plurality of pictures. The trained classifier module 1s
configured to obtain a classification result of the object
according to the second fused vector mput. A plurality of
synthesized images have different view angles, and corre-
spondingly, a plurality of pictures also have diflerent view
angles. In this way, more characteristics may be embodied.
The processor 1s capable of controlling the photographing
mechanism or the image generating module such that the
plurality of pictures respectively have same view angles as
at least a portion of the plurality of synthesized images. In
this way, interference caused due to different angles 1s
reduced. The system may, therefore, achieve a high i1denti-
fication accuracy.

In some embodiments, the photographing mechanism
includes a camera and a stand. The camera 1s movably
connected to the stand. The system further includes a driving
mechanism, configured to drive the camera to move relative
to the stand. The processor 1s further configured to output a
set of control signals according to the view angles of the
plurality of synthesized images. The driving mechanism 1s
turther configured to control movements of the camera
according to the control signals to acquire the plurality of
pictures respectively having the same view angles as the at
least a portion of the plurality of synthesized images.

In some embodiments, the photographing mechanism
includes a plurality of cameras. The system further includes
a position sensing unit. The position sensing unit 1s config-
ured to detect spatial positions and photographing angles of
the plurality of cameras and generate a set of view angle
signals according to the spatial positions and the photo-
graphing angles of the plurality of cameras. The processor 1s
turther configured to determine parameters for generating
the plurality of synthesized images according to the view
angle signals, such that the plurality of pictures respectively
have the same view angles as the at least a portion of the
plurality of pictures.

In some embodiments, 1n the case that the plurality of
pictures respectively have the same view angles as all the
plurality of synthesized images, the fusing module 1s further
configured to generate the first fused vector by fusing the
extracted eigenvectors of the plurality of synthesized images
having the same view angles as the plurality of pictures, and
generate the second fused vector by fusing the extracted
cigenvectors of the plurality of pictures.

In some embodiments, 1n the case that the plurality of
pictures respectively have the same view angles as the at
least a portion of the plurality of synthesized 1mages, the
tusing module 1s further configured to generate the second
fused vector by fusing the extracted eigenvectors of the
plurality of pictures 1n combination with auxiliary vectors,
wherein a total quantity of the eigenvectors of the plurality
of pictures and the auxiliary vectors 1s equal to a quantity of
the synthesized images; and generate the first fused vector
by fusing the extracted eigenvectors of the plurality of
synthesized 1mages having the same view angles as the
plurality of pictures in combination with the auxiliary vec-
tors, wherein a total quantity of the eigenvectors of the
plurality of synthesized images having the same view angles
as the plurality of pictures and the auxiliary vectors 1s equal
to the quantity of the synthesized images; or in the case that
the plurality of pictures respectively have the same view
angles as the at least a portion of the plurality of synthesized
images, the fusing module 1s further configured to generate
the first fused vector by fusing the extracted eigenvectors of
the plurality of synthesized images having the same view
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angles as the plurality of pictures, and the second fused
vector 1s generated by fusing the extracted eigenvectors of
the plurality of pictures.

In some embodiments, the image generating module 1s
further configured to generate the plurality of synthesized
images by CAD software according to the three-dimensional
digital model.

In some embodiments, the characteristic extracting mod-
ule 1s further configured to respectively extract the eigen-
vectors of the plurality of synthesized vectors and the
cigenvectors of the plurality of pictures by CNN. The
classifier module 1includes a classifier module based on deep
learning.

In some embodiments, the fusing module 1s further con-
figured to determine a scheme of the fusion based on an
AutoML technology or a neural architecture search technol-
0gy.

In some embodiments, the characteristic extracting mod-
ule 1s further configured to domain-randomize the plurality
of synthesized 1images, and respectively extract the eigen-
vectors of the plurality of synthesized images. The charac-
teristic extracting module 1s further configured to domain-
randomize the plurality of pictures, and respectively extract
the eigenvectors of the plurality of pictures.

As another example, some embodiments include a com-
puter-readable storage medium which store the code for use
by the system and can i1dentify the object accurately. The
system executes one or more of the methods described
herein when the code 1s executed by the processor.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are merely for schematic
and 1llustrative description and demonstration of the present
disclosure, instead of limiting the scope of the present
disclosure.

FIG. 1 1s a flowchart of an example method for identifying
an object mncorporating teachings of the present disclosure;

FIG. 2 1s a flowchart of step S11 in the method for
identifying the object as i1llustrated 1n FIG. 1;

FIG. 3 1s a flowchart of another example method for
identifying an object incorporating teachings of the present
disclosure;

FIG. 4 1s a schematic structural diagram of an example
system for identifying an object incorporating teachings of
the present disclosure;

FIG. 5 schematically illustrates an operating process of
the system for identifying the object as 1llustrated 1n FI1G. 4;

FIG. 6 illustrates an exemplary embodiment of a charac-
teristic extracting module incorporating teachings of the
present disclosure; and

FIG. 7 1s a schematic structural diagram of a system for
identifving an object incorporating teachings of the present
disclosure.

REFERENCE NUMERALS AND DENOTATTONS
THEREOF

20—Processor

21—Image generating module
22— Character extracting module
23— Fusing module

24— Classifier module
40—Photographing mechanism
41—Camera

42—Stand

50—Driving mechanism
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60—Position sensing unit
80—Object

M—Three-dimensional digital model

S1, S2, S3—Synthesized 1mages

Svl, Sv2, Sv3—Figenvectors of the synthesized images
Fvl—First fused vector

P1, P2, P3—Pictures

Pvl, Pv2, Pv3—FEigenvectors of the pictures
Fv2—Second fused vector

CNN1, CNN2, CNN3—Convolutional neural networks

R—Classification result

DETAILED DESCRIPTION

For clearer descriptions of the technical features, objec-
tives, and the technical effects of various applications of the
teachings of the present disclosure, specific embodiments
are hereinafter described with reference to the accompany-
ing drawings. In the drawings, like reference numerals
denote elements having the same structure or having the
similar structure but the same function. In this text, the term
“exemplary” 1s used herein to mean “serving as an example,
instance, or illustration™, and any illustration or embodiment
described herein as “exemplary” shall not be necessarily
construed as preferred or advantageous over other 1llustra-
tions or embodiment.

In this text, the terms “first”, “second”, and the like do not
represent degrees of importance or a sequence, but only for
differentiation, and for ease of description. For brevity, parts
relevant to the teachings of the present disclosure are merely
illustrated in the drawings, and these parts do not denote the
actual structure of the product.

FI1G. 1 1s a flowchart of an example method for identifying
an object incorporating teachings of the present disclosure.
As 1llustrated mm FIG. 1, the method according to this
embodiment includes the following steps, wherein the
sequence of the steps 1s not limited to the following:

S11: A plurality of synthesized images are generated
according to a three-dimensional digital model. The plural-
ity of synthesized images have diflerent view angles, and
may have a plurality of view angles that represent more
characteristics. In this text, the term “plurality of” 1s inter-
preted as “at least two™.

In some embodiments, the plurality of synthesized images
are generated by computer aided design (CAD) software
according to the three-dimensional digital model. The CAD
soltware may be, for example, AutoCAD developed by
Autodesk. In other embodiments, other software capable of
generating the synthesized images according to the three-
dimensional digital model may also be used, for example,
Unigraphicx NX (UG) developed by Siemens PLM Soft-
ware.

Specifically, taking the CAD software as an example, as
illustrated 1n FIG. 2, step S11, for example, includes the
following sub-steps that are performed in sequence in the
CAD software:

S111: The three-dimensional digital model 1s rendered.

S112: A plurality of virtual cameras are added and camera
parameters of these virtual cameras are set. The quantity of
virtual cameras 1s consistent with the quantity of synthesized
images to be generated, and the camera parameters of the
virtual cameras determine the view angles of the synthesized
1mages.

S113: Images are captured by the virtual cameras to
obtain the synthesized images.

S12: Eigenvectors of the plurality of synthesized images
are respectively extracted. In an exemplary embodiment, for
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example, the eigenvectors of the plurality of synthesized
images are respectively extracted by a convolutional neural
network (CNN). However, i other exemplary embodi-
ments, the eigenvectors of the plurality of synthesized
images may also be extracted in other fashions. In some
embodiments, the convolutional neural network 1s a feed-
forward neural network involving convolutional computa-
tion and having a deep structure, and one of representative
algorithms of deeping learming. The convolutional neural
network has capabilities of characterization learning, and 1s
capable of performing translation invariant classification for
input nformation according to a hierarchical structure
thereof, which 1s thus referred to as a “translation invariant
artificial neural network™. The CNN {facilitates extraction of
eigenvectors of key characteristics, to further improve the
accuracy of the method for 1dentifying the object.

S13: A first fused vector 1s generated by fusing the
cigenvectors of the plurality of synthesized images. In an
exemplary embodiment, for example, a scheme of the fusion
1s determined by the automated machine learning (AutoML)
technology or the neural architecture search technology,
which facilitates determination of an optional scheme of the
fusion. However, the determination of the scheme of the
fusion 1s not limited herein. In some embodiments, the
AutoML 1ncorporates data pre-processing, characteristic
selection, algorithm selection and the like steps in machine
learning with model architecture design, model training and
the likes steps 1n deep learning, and deploys the same 1n a
“black box™. By the “black box”, a desired prediction result
may be obtained as long as the data 1s input.

The method of “designing one neural network by using
another neural network™ 1s referred to as the neural archi-
tecture search (NAS) technology, and generally, this method
designs a new neural network by using reinforcement learn-
ing or evolutionary algorithm. The NAS may automatize
architecture engineering, and the NAS 1s capable of auto-
matically obtaining an optimal architecture as long as a data
set 1s provided.

S14: The first fused vector 1s mput 1nto a classifier to train
the classifier. In an exemplary embodiment, the classifier
includes a classifier based on deep learning.

S21: A plurality of pictures of the object (for example, a
workpiece) are acquired by the cameras. The plurality of
pictures respectively have same view angles as at least a
portion of the plurality of synthesized images. That 1s, the
quantity of pictures 1s less than the quantity of synthesized
images. If the quantity of synthesized images 1s 5, the
quantity of pictures may be, for example, 5 or 3. The
plurality of synthesized images includes synthesized images
having the same view angles as the pictures.

S22: Eigenvectors of the plurality of pictures are respec-
tively extracted. In an exemplary embodiment, for example,
the eigenvectors of the plurality of pictures are respectively
extracted by a CNN.

S23: A second fused vector 1s generated by fusing the
cigenvectors of the plurality of pictures. In an exemplary
embodiment, for example, the scheme of the fusion 1is
determined based on the AutoML technology or the neural
architecture search technology. The scheme of the fusion
used 1n this step 1s the same as the scheme of the fusion used
in step S13.

S30: The second fused vector 1s input into the classifier
trained 1n step S14, to obtain a classification result of the
object. In some embodiments, the plurality of synthesized
images may be generally first, and then the camera param-
cters (for example, the positions and the angles) for acquir-
ing the plurality of pictures may be determined according to
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the view angles of the plurality of synthesized images, such
that the plurality of pictures respectively have the same view
angles as the at least a portion of the plurality of synthesized
images. Nevertheless, the plurality of pictures of the object
may be acquired first, and then the camera parameters for
generating the plurality of synthesized images may be
determined according to the view angles of the plurality of
pictures.

In some embodiments, 1n the case that the plurality of
pictures respectively have the same view angles as all the
plurality of synthesized images (that 1s, the quantity of
pictures 1s the same as the quantity of synthesized images,
and the view angles thereof are 1n an one-to-one correspon-
dence), 1n step S13, the first fused vector 1s generated by
tusing the extracted eigenvectors of the plurality of synthe-
s1zed 1mages having the same view angles as the plurality of
pictures, and 1n step S23, the second fused vector 1s gener-
ated by fusing the extracted eigenvectors of the plurality of
pictures.

Nevertheless, 1t 1s likely that the plurality of pictures have
the same view angles as a portion of the plurality of
synthesized images. That 1s, the quantity of pictures is less
than the quantity of synthesized images. This case occurs,
for example, 1n the scenario where the classifier has been
trained by using 5 synthesized images (for example, a front
view, a rear view, a plan view, a bottom view, and a
three-dimensional view), but during photographing for the
object, the same quantity of pictures having the same view
angles fail to be acquired due to, for example, restriction of
space, and mstead only a portion of pictures having the same
view angles are acquired, for example, 3 pictures (for
example, a front view, a rear view, and a three-dimensional
view). Then, 1 step S23, the second fused vector 1s gener-
ated by fusing the extracted eigenvectors of the plurality of
pictures in combination with the auxiliary vectors (vectors
having a modulus of 1), wherein a total quantity of the
eigenvectors of the plurality of pictures and the auxiliary
vectors 1s equal to the quantity of the synthesized images. In
step S13, the first fused vector may be generated by fusing
the extracted eigenvectors of the plurality of synthesized
images having the same view angles as the plurality of
pictures in combination with the auxiliary vectors, wherein
a total quanftity of the eigenvectors of the plurality of
synthesized 1mages having the same view angles as the
plurality of pictures and the auxiliary vectors 1s equal to the
quantity of the synthesized images. For example, 1f the
quantity of synthesized images 1s 5 and the quantity of
pictures 1s 3, the quantity of auxiliary vectors desired in the
above two steps 1s 2. In this method, the scheme of the fusion
does not need to be re-determined, but the first fused vector
only needs to be generated by re-fusion according to the
original fusion scheme, and the classifier needs to be re-
trained according to the re-generated first fused vector. In
this exemplary embodiment, the auxiliary vector 1s, for
example, a unit vector (that 1s, a vector with a modulus equal
to 1) or a zero vector.

In some embodiments, 1n step S13, the first fused vector
may be generated by fusing the extracted eigenvectors of the
plurality of synthesized images having the same view angles
as the plurality of pictures, and 1n step S23, the second fused
vector 1s generated by fusing the extracted eigenvectors of
the plurality of pictures. Since the quantity of vectors input
during the fusion i1s changed, the scheme of the fusion needs
to be re-determined, the first fused vector only needs to be
generated by re-fusion according to the new fusion scheme,
and the classifier needs to be re-trained according to the
re-generated first fused vector.
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A plurality of synthesized images have diflerent view
angles, and correspondingly, a plurality of pictures also have
different view angles. In this way, more characteristics may
be embodied. The plurality of pictures respectively have
same view angles as at least a portion of the plurality of
synthesized images. In this way, interference caused due to
different angles 1s reduced. The method may, therefore,
achieve a high identification accuracy.

FIG. 3 1s a flowchart of another example method for
identifying an object incorporating teachings of the present
disclosure. The common points between the method for
identifying the object according to this exemplary embodi-
ment and the method for identifying the object as 1llustrated
in FIG. 1 are not described herein any further, and the
differences between these two methods are described here-
inafter. In some embodiments, upon completion of step S11,
step S135 1s first performed to domain-randomize the plural-
ity of synthesized images, and then step S12 is performed.
Upon completion of step S21, step S24 15 {irst performed to
domain-randomize the plurality of pictures, and then step
S22 1s performed. By domain-randomization, known char-
acteristics (for example, environment of the object, color of
the object, and the like) that may not be used to differentiate
objects may be excluded in practice. In this way, the
accuracy and efliciency of the method for identifying the
object are improved.

FIG. 4 1s a schematic structural diagram of an example
system for identifying an object incorporating teachings of
the present disclosure. As illustrated 1n FIG. 4, the system
for 1dentitying the object includes a processor 20 and a
photographing mechanism 40. The processor 20 includes an
image generating module 21, a characteristic extracting
module 22, a fusing module 23, and a classifier module 24.

The image generating module 21 1s capable of generating,
a plurality of synthesized images according to a three-
dimensional digital model. The plurality of synthesized
images have diflerent view angles. In an exemplary embodi-
ment, the image generating module 21 generates the plural-
ity of synthesized images, for example, by computer aided
design (CAD) software according to the three-dimensional
digital model.

The characteristic extracting module 22 1s configured to
respectively extract eigenvectors of the plurality of synthe-
s1zed 1image. In an exemplary embodiment, the characteristic
extracting module 22, for example, respectively extracts the
cigenvectors of the plurality of synthesized images by a
CNN. In some embodiments, the characteristic extracting
module 22 may also extract the eigenvectors of the plurality
of synthesized images by using other algorithms.

The fusing module 23 1s capable of generating a first fused
vector by fusing the eigenvectors of the plurality of synthe-
s1zed 1mages.

In some embodiments, the fusing module 23, for example,
determines a scheme of the fusion based on the AutoML
technology or the neural architecture search technology,
which facilitates determination of an optional scheme of the
fusion. However, the determination of the scheme of the
fusion 1s not limited herein.

The classifier module 24 1s capable of being trained
according to the first fused vector mput. In some embodi-
ments, the classifier module 24, for example, includes a
classifier module 24 based on deep learning, which 1s not
limited herein.

The photographing mechanism 40 1s capable of acquiring
a plurality of pictures of an object 80. In an exemplary
embodiment, the photographing mechanism 40 includes a
camera 41 and a stand 42. The camera 41 1s movably
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connected to the stand 42. The system further includes a
driving mechanism 50, capable of driving the camera 41 to
move relative to the stand 42. The processor 20 1s capable of
outputting a set of control signals according to the view
angles of the plurality of synthesized images. The driving
mechanism 50 1s capable of controlling movements of the
camera 41 according to the control signals to acquire the
plurality of pictures respectively having the same view
angles as the at least a portion of the plurality of synthesized
images. Accordingly, photographing positions and angles of
the camera 41 may be controlled according to the view
angles of the synthesized images, which saves manpower. In
this case, one camera 41 needs to capture the plurality of
pictures by changing positions and angles. However, 1n other
exemplary embodiments, a plurality of cameras 41 may be
deployed. In this way, the time for acquiring the pictures
may be saved.

The characteristic extracting module 22 1s capable of
respectively extracting eigenvectors of the plurality of pic-
tures. The fusing module 23 1s capable of generating a
second fused vector by fusing the eigenvectors of the
plurality of pictures. "

The trained classifier module 24 1s
capable of obtaining a classification result of the object
according to the second fused vector mput.

In some embodiments, 1n the case that the plurality of
pictures respectively have the same view angles as all the
plurality of synthesized images (that 1s, the quantity of
pictures 1s the same as the quantity of synthesized images,
and the view angles thereof are 1n an one-to-one correspon-
dence), the fusing module 23 1s capable of generating the
first Tused vector by fusing the extracted eigenvectors of the
plurality of synthesized images having the same view angles
as the plurality of pictures, and generating the second fused
vector by fusing the extracted eigenvectors of the plurality
ol pictures.

Nevertheless, 1t 1s likely that the plurality of pictures have
the same view angles as a portion of the plurality of
synthesized images. That 1s, the quantity of pictures 1s less
than the quantity of synthesized images. This case occurs,
for example, 1n the scenario where the classifier has been
trained by using 5 synthesized images (for example, a front
view, a rear view, a plan view, a bottom view, and a
three-dimensional view), but during photographing for the
object, the same quantity of pictures having the same view
angles fail to be acquired since the cameras fail to be
deployed due to, for example, restriction of space, and
instead only a portion of pictures having the same view
angles are acquired, for example, 3 pictures (for example, a
front view, a rear view, and a three-dimensional view). In
this case, the fusing module 23 1s capable of generating the
second fused vector by fusing the extracted eigenvectors of
the plurality of pictures 1n combination with auxiliary vec-
tors (that 1s, vectors having a modulus of 1), wherein a total
quantity of the eigenvectors of the plurality of pictures and
the auxiliary vectors 1s equal to a quantity of the synthesized
images; and generating the first fused vector by fusing the
extracted eigenvectors of the plurality of synthesized images
having the same view angles as the plurality of pictures in
combination with the auxiliary vectors, wheremn a total
quantity of the eigenvectors of the plurality of synthesized
images having the same view angles as the plurality of
pictures and the auxiliary vectors i1s equal to the quantity of
the synthesized images. For example, 1f the quantity of
synthesized images 1s 5 and the quantity of pictures is 3, the
quantity of auxiliary vectors desired in the above two steps
1s 2. Accordingly, the scheme of the fusion does not need to
be re-determined, but the first fused vector only needs to be
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generated by re-fusion according to the original fusion
scheme, and the classifier needs to be re-trained according to
the re-generated first fused vector.

In some embodiments, the fusion module 23, for example,
1s capable of generating the first fused vector by fusing the
extracted eigenvectors of the plurality of synthesized images
having the same view angles as the plurality of pictures, and
generating the second fused vector by fusing the extracted
eigenvectors of the plurality of pictures. Since the quantity
of vectors mput during the fusion 1s changed, the fusing
module 23 needs to re-determine the scheme of the fusion,
and generate the first fused vector only by re-fusion accord-
ing to the new fusion scheme, and the classifier module 24
needs to be re-trained according to the re-generated first
fused vector.

In some embodiments, the characteristic extracting mod-
ule 22 1s capable of domain-randomizing the plurality of
synthesized 1images, and respectively extracting the eigen-
vectors of the plurality of synthesized images. The charac-
teristic extracting module 22 1s capable of domain-random-
1zing the plurality of pictures, and respectively extracting the
cigenvectors of the plurality of pictures. By domain-ran-
domization, known characteristics (for example, environ-
ment of the object, color of the object, and the like) that may
not be used to differentiate objects may be excluded in
practice. In this way, the accuracy and efliciency of the
method for identifying the object are improved.

FIG. § schematically illustrates an operating process of
the system for identifying the object as illustrated 1n FIG. 4,
which 1s not itended to limit the present disclosure. As
illustrated in FIG. 5, a three-dimensional digital model M 1s
input 1nto the image generating module 21, the image
generating module 21 1s capable of generating a synthesized
image S1, a synthesized image S2, and a synthesized image
S3 according to the three-dimensional digital model M. The
synthesized image S1, the synthesized image S2, and the
synthesized 1mage S3 are input into the characteristic
extracting module 22, and the characteristic extracting mod-
ule 22 extracts an eigenvector Svl, an eigenvector Sv2, and
an eigenvector Sv3. The eigenvector Svl, the eigenvector
Sv2, and the eigenvector Sv3 are input into the fusing
module 23, and the fusing module 23 generates a first fused
vector Fvl by fusing the eigenvector Svl, the eigenvector
Sv2, and the eigenvector Sv3. The first fused vector Fvl 1s
input 1mnto the classifier module 24 for training.

As 1llustrated in FI1G. 5, the photographing mechanism 40
acquires a picture P1, a picture P2, and a picture P3 by
photographing the object 80. The picture P1 has the same
view angle as the synthesized image S1, the picture P2 has
the same view angle as the synthesized image S2, and the
picture P3 has the same view angle as the synthesized image
S3. The picture P1, the picture P2, and the picture P3 are
input mto the characteristic extracting module 22, and the
characteristic extracting module 22 extracts an eigenvector
Pvl, an eigenvector Pv2, and an eigenvector Pv3. The
eigenvector Pvl, the eigenvector Pv2, and the eigenvector
Pv3 are input into the fusing module 23, and the fusing
module 23 generates a second fused vector Fv2 by fusing the
cigenvector Pvl, the eigenvector Pv2, and the eigenvector
Pv3. The second fused vector Fv2 1s input into the classifier
module 24 to obtain a classification result R.

As 1llustrated i FIG. 6, in an exemplary embodiment, the
characteristic extracting module 22, for example, includes a
plurality of convolutional neural networks, that 1s, a CNN 1,
a CNN 2, and a CNN 3, which are configured to respectively
process different synthesized images to obtain correspond-
ing eigenvectors. The plurality of CNNs may have the same
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parameter or different parameters. The fusing module 23, for
example, implements the fusion by fusing the networks.

In the system for identifying the object, a plurality of
synthesized images have different view angles, and corre-
spondingly, a plurality of pictures also have different view
angles. In this way, more characteristics may be embodied.
The processor 1s capable of controlling the photographing
mechanism or the 1image generating module such that the
plurality of pictures respectively have same view angles as
at least a portion of the plurality of synthesized images. In
this way, interference caused due to different angles 1s
reduced. The system, therefore, may achieve a high identi-
fication accuracy.

FIG. 7 1s a schematic structural diagram of an example
system for 1dentifying an object incorporating teachings of
the present disclosure. The common points between the
system for identitying the object as illustrated 1n FIG. 7 and
the system for identifying the object as illustrated 1n FIG. 4
are not described herein any further, and the differences
between these two systems are described heremafter. In an
exemplary embodiment, the photographing mechanism 40
includes a plurality of cameras 41. The quantity of cameras
1s consistent with the quantity of pictures to be acquired. The
system further includes a position sensing unit 60. The
position sensing unit 60 1s capable of detecting spatial
positions and photographing angles of the plurality of cam-
cras 41 and generating a set of view angle signals according
to the spatial positions and the photographing angles of the
plurality of cameras 41. The processor 20 i1s capable of
determining determine parameters for generating the plural-
ity of synthesized images according to the view angle
signals, such that the plurality of pictures respectively have
the same view angles as the at least a portion of the plurality
of pictures. In this way, the parameters for generating the
plurality of synthesized images may be automatically deter-
mined according to the spatial positions and the photograph-
ing angles of the cameras, which saves manpower.

It should be understood that, although this specification 1s
described based on the embodiments, not each of the
embodiments discloses an independent technical solution.
Such description manner of the specification 1s only for
clanity. A person skilled in the art should consider the
specification as an entirety. The technical solutions accord-
ing to the embodiments may also be suitably combined to
derive other embodiments that may be understood by a
person skilled in the art.

A series of detailed descriptions given in this specifically
are merely intended to illustrate feasible embodiments of the
present disclosure, instead of limiting the protection scope
ol the present disclosure. Any equivalent embodiments or
modifications, for example, combinations, segmentations, or
repetition of features, derived without departing from the
spirit of the present disclosure shall fall within the protection
scope of the present disclosure.

What 1s claimed 1s:
1. A method for identifying an object, the method com-
prising:

generating a plurality of synthesized images according to
a three-dimensional digital model, each synthesized
image of the plurality of synthesized images having a
respective view angles;

extracting a respective eigenvector of each of the plurality
of synthesized images using a convolutional neural

network (CNN);
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generating a first fused vector by fusing the eigenvectors
of the plurality of synthesized images using an AutoML
technology-based fusion scheme or a neural architec-
ture search technology;

transmitting the first fused vector mto a deep learning

classifier to train the classifier:;

acquiring a plurality of pictures of the object, each picture

of the plurality of pictures having a respective view
angle matching at least a portion of the plurality of
synthesized images;

extracting respective eigenvectors for each of the plurality

of pictures using the CNN;

generating a second fused vector by fusing the eigenvec-

tors of the plurality of pictures; and

transmitting the second fused vector into the trained

classifier to obtain a classification result of the object.

2. The method according to claim 1, further comprising:

determining camera parameters for acquiring the plurality

of pictures according to the view angles of the plurality
of synthesized 1mages, or

determining software parameters for generating the plu-

rality of synthesized images according to the plurality
of pictures, such that the plurality of pictures respec-
tively have same view angles as at least a portion of the
plurality of synthesized images.

3. The method according to claim 1, wherein 1n the case
that the plurality of pictures respectively have the same view
angles as the at least a portion of the plurality of synthesized
images, generating the first fused vector includes fusing the
extracted eigenvectors of the plurality of synthesized
images, and generating the second fused vector includes
fusing the extracted eigenvectors of the plurality of pictures.

4. The method according to claim 1, wherein 1n the case
that the plurality of pictures respectively have the same view
angles as the at least a portion of the plurality of synthesized
images, generating the second fused vector includes fusing
the extracted eigenvectors of the plurality of pictures in
combination with auxiliary vectors, wherein a total quantity
of the eigenvectors of the plurality of pictures and the
auxiliary vectors 1s equal to a quantity of the synthesized
images; and generating the first fused vector includes fusing
the extracted eigenvectors of the plurality of synthesized
images having the same view angles as the plurality of
pictures in combination with the auxiliary vectors, wherein
a total quantity of the eigenvectors of the plurality of
synthesized images having the same view angles as the
plurality of pictures and the auxiliary vectors 1s equal to the
quantity of the synthesized images; or

in the case that the plurality of pictures respectively have

the same view angles as the at least a portion of the
plurality of synthesized images, generating the first
fused vector includes fusing the extracted eigenvectors
of the plurality of synthesized images having the same
view angles as the plurality of pictures, and generating
the second fused vector includes fusing the extracted
cigenvectors of the plurality of pictures.

5. The method according to claim 1, wherein generating,
the plurality of synthesized images includes using CAD
soltware according to the three-dimensional digital model.

6. The method according to claim 1, wherein the plurality
of synthesized i1mages are domain-randomized, and the
cigenvectors of the plurality of synthesized images are
respectively extracted; and the plurality of synthesized pic-
tures are domain-randomized, and the eigenvectors of the
plurality of pictures are respectively extracted.

7. A system for identifying an object, the system com-
prising:
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a Processor comprising;:

an 1mage generating module configured to generate a
plurality of synthesized images according to a three-
dimensional digital model, each synthesized image
in the plurality of synthesized images having a
respective and different view angle;

a characteristic extracting module configured to extract
respective eigenvectors for each synthesized image
of the plurality of synthesized 1mages using a con-
volutional neural network (CNN);

a fusing module configured to generate a first fused
vector by fusing the eigenvectors of the plurality of
synthesized 1mages using an AutoML technology-
based fusion scheme or a neural architecture search
technology; and

a deep learning classifier module configured to be
trained with the first fused vector mput; and

a photographing mechanism configured to acquire a
plurality of 1mages of the object;

wherein the processor 1s configured to control the
photographing mechanism or the image generating
module such that each of the plurality of pictures has
a respective view angle matching at least a portion of
the plurality of synthesized images;

the characteristic extracting module 1s further configured
to extract respective eigenvectors of the plurality of
pictures;

the fusing module 1s further configured to generate a
second fused vector by fusing the eigenvectors of the
plurality of pictures; and

the trained classifier module 1s configured to obtain a
classification result of the object according to the
second fused vector input.

8. The system according to claim 7, wherein:

the photographing mechanism comprises a camera mov-
ably connected to a stand; and

the system further comprises a driving mechanism con-
figured to drive the camera to move relative to the
stand;

the processor i1s further configured to output a set of
control signals according to the view angles of the
plurality of synthesized images; and

the driving mechanism 1s further configured to control
movements of the camera according to the control
signals to acquire the plurality of pictures respectively
having the same view angles as the at least a portion of
the plurality of synthesized images.

9. The system according to claim 7, wherein:

the photographing mechanism comprises a plurality of
cameras;

the system further comprises a position sensing unit
configured to detect spatial positions and photograph-
ing angles of the plurality of cameras and generate a set
of view angle signals according to the spatial positions
and the photographing angles of the plurality of cam-
eras; and
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the processor 1s further configured to determine param-
cters for generating the plurality of synthesized images
according to the view angle signals, such that the
plurality of pictures respectively have the same view
angles as the at least a portion of the plurality of

pictures.

10. The system according to claim 7, wherein in the case
that the plurality of pictures respectively have the same view
angles as the at least a portion of the plurality of synthesized
images, the fusing module 1s further configured to generate
the first fused vector by fusing the extracted eigenvectors of
the plurality of synthesized images, and generate the second
fused vector by fusing the extracted eigenvectors of the
plurality of pictures.

11. The system according to claim 7, wherein 1n the case
that the plurality of pictures respectively have the same view
angles as the at least a portion of the plurality of synthesized
images, the fusing module 1s further configured to generate
the second fused vector by fusing the extracted eigenvectors
of the plurality of pictures 1n combination with auxiliary
vectors, wherein a total quantity of the eigenvectors of the
plurality of pictures and the auxiliary vectors 1s equal to a
quantity of the synthesized images; and generate the first
fused vector by fusing the extracted eigenvectors of the
plurality of synthesized images having the same view angles
as the plurality of pictures 1n combination with the auxiliary
vectors, wherein a total quantity of the eigenvectors of the
plurality of synthesized images having the same view angles
as the plurality of pictures and the auxiliary vectors 1s equal
to the quantity of the synthesized images; or

in the case that the plurality of pictures respectively have

the same view angles as the at least a portion of the
plurality of synthesized images, the fusing module 1s
further configured to generate the first fused vector by
fusing the extracted eigenvectors of the plurality of
synthesized images having the same view angles as the
plurality of pictures, and generate the second fused
vector by fusing the extracted eigenvectors of the
plurality of pictures.

12. The system according to claim 7, wherein the 1image
generating module 1s further configured to generate the
plurality of synthesized images by CAD software according
to the three-dimensional digital model.

13. The system according to claim 7, wherein the char-
acteristic extracting module 1s further configured to domain-
randomize the plurality of synthesized images, and respec-
tively extract the eigenvectors of the plurality of synthesized
images; and domain-randomize the plurality of synthesized
images, and respectively extract the eigenvectors of the
plurality of pictures.

14. A non-transitory computer-readable storage medium,
wherein the computer-readable storage medium stores code
thereon for use by a system; the system performs the method
according to claam 1 when the code 1s executed by a
Processor.
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